It is commonly accepted that microplastic (MP) ingestion can lead to lower food intake and 15 bioaccumulation of hydrophobic organic contaminants (HOCs) in aquatic organisms. However, 16 30 31
causal links between MP and contaminant levels in biota are poorly understood and in situ data 17 are virtually non-existent. Here, we investigated whether HOC concentrations in herring muscle 18 tissue (Clupea harengus membras) are related to MP ingestion using fish caught along the West 19 coast of the Baltic Sea. The MP occurrence exhibited a large geographic variability, with MP found 20 in 28% of the fish examined. The population average was 2.4 MP ind -1 ; however, when only 21 individuals containing MP were considered, the average MP burden was 8.4 MP ind -1 . We also 22 found that MP burden decreased with reproductive stage of the fish but increased with its body 23 size. To predict MP abundance in fish guts, we constructed a mass-balance model using literature 24 data on MP in the water column and physiological rates on ingestion and gut evacuation for 25 clupeids of a similar size. The model output was in agreement with the observed values, thus 26 supporting the validity of the results. Contaminant concentrations in the muscle tissue were 27 unrelated to the MP levels in fish, suggesting a lack of direct links between the levels of HOCs 28 and MP ingestion. Thus, despite their ubiquity, MP are unlikely to have a measurable impact on 29 food intake or the total body burden of hydrophobic contaminants in Baltic herring.
Introduction 36
Plastic debris, including microplastics (MP < 5 mm), can be ingested by various aquatic organisms 37 across several trophic levels (Lusher et al. 2013 , Cole et al. 2013 ). Due to the importance of 38 commercial fish and shellfish species for human consumption, the ingestion and presence of MP 39 in these animals has become a matter of concern (EFSA Panel on Contaminants in the Food Chain 40 (CONTAM) 2016). To address this concern and to provide a quantitative assessment of MP 41 ingestion in various fish species, an active research is ongoing (Lusher et fish. Another area of concern with respect to the interpretation of MP counts in environmental 67 samples, including fish guts, is analytical accuracy and reliability of MP extraction and 68 determination (Dehaut et al. 2016) . Therefore, to increase the reliability of the MP gut content 69 data, it is important to verify whether the recorded MP body burden is within ecologically plausible 70 rates of ingestion and gut evacuation. To compare the observed MP abundance in the fish gut with 71 the intake that can be expected given the MP abundance in the water column, and gut evacuation 72 that can be expected given the food intake, we applied a mass-balance modelling. In this model, 73 using literature-derived parameters on clupeid feeding and food processing as well as ambient MP 74 concentrations, we estimated MP burden in the herring with the body size similar to those in our 75 collection. Finally, we evaluated whether HOC concentrations in the fish muscle were related to 76 the weight-specific MP gut content of the same individual. Each GIT was placed in a glass Petri dish, opened with surgical scissors, and rinsed with deionized, 101 particle-free water. Using a stereo microscope, the bolus was examined, and any items resembling 102 MP were extracted by stainless steel pincers and transferred to clean Eppendorf tubes. The 103 appearance of the putative MP was recorded and each particle was categorized according to its 104 shape (fiber or fragment) and color. Hereafter, the number of MP per individual fish is referred to 105 as MP burden. 106 To relate HOC concentration in the muscle tissue and MP intake by fish, the fish size must be 107 taken into account when expressing MP counts. Moreover, the bolus size varied considerably 108 among the individual fish and geographical areas (Supporting Information Table S1), indicating 109 variability in feeding activity shortly before sampling and/or gut evacuation that might have been 110 related to stress during the sampling. To account for this variability and the corresponding 111 variation in the MP burden, we normalized the individual MP counts to its gut fullness; the latter 112 was assessed by visual observation on a five-step semi-quantitative scale: 0 (empty, no food items), blank for the quantification and characterization of potential contamination during the analysis. 130 When working with samples, a cotton lab coat and nitrile gloves were used: moreover, the type 131 and color of clothing were recorded to enable contamination back-tracing. All procedural blanks 132 contained plastic particles (mainly single fibers) of unknown origin. However, all these particles 133 were < 1 mm and thus did not contribute to the MP counts used in the statistical analysis. If 134 quantifiable amounts of blank contamination with particles > 1 mm were to be found, such samples 135 would be excluded from any further analyses. We used literature data to parameterize the model (Fig. S1 , Table S2 ) the stations and basins was high (Fig. 2 , Supporting Information Table S1 ), and we did not find 232 any significant differences in the MP burden between the basins (station nested within basin as a 233 random factor, pseudo F4,117 = 1.1, p = 0.37). Table S3 ). The difference between the distributions was 241 statistically significant (Cramér-von Mises T = 144, p < 0.0001). When zeros were excluded, the 242 distributions, albeit still significantly different (Cramér-von Mises T = 23.4, p < 0.0001), became 243 more similar (Fig. 3 B , Supporting Information Table S 3), indicating that much of the difference 244 between the distributions was driven by the significantly higher proportion of zero observations 245 in the field data (χ 2 = 162.3, p < 0.0001).
247
Linkage between MP intake and HOCs 248 We found no relationship between the weight-specific MP burden and the concentration of any of 249 the HOCs (Fig. 4) . The MP burden was positively and nearly linearly related to fish body weight (GAM, χ 2 = 26.5, p 259 < 0.0001, Fig. 5 A) . In contrast, a negative effect was found for reproductive phase, where MP 260 burden was significantly lower in fish that had reached sexual maturity (GAM χ 2 = 56.4, p < 261 0.0001, Fig. 5 B) . Gut fullness only had a negative effect on MP burden when the GIT was empty The range of the MP burden predicted by our simple model was similar to that observed in the 296 field caught specimens, although the proportion of fish predicted to contain MP was more than 297 two-fold higher. This is, however, not surprising because, frequency of zero values was driven by between the MP intake and tissue contaminant concentrations in the Baltic herring ( Fig. 4) . 341 Similarly, no correlation has been found between the amount of ingested plastic and HOC 342 concentrations in northern fulmars (Fulmarus glacialis) from the Norwegian coast (Herzke et al. 343 2016), even though the birds had ingested much larger amounts of plastic and their gut passage 344 time for plastic debris is several orders of magnitude longer than in herring (Ryan 2015 
